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are known. The upper limit of temperature is 
usually 760® C They are frequently operated 
in the presence of steam in which case they 
are conventionally referred to as steam crack- 

25 ing. The principal products are normally- 
gaseous unsaturated hydrocarbons, but some 
gasoline is also produced, which is highJy un- 
saturated and tends to form gum. possibly 
due to the presence of styrene, cyclopenta- 

30 diene and other conjugated dienes. The gaso- 
line also contains from 0.005 to 0.04:% wt, 
of sulphur, but, because of the high tempera-- 
ture of the cracking this sulphur is thiophene 
sulphur ratlier than mercaptan sulphur. Be- 

35 cause of this fact it has been recently found 
that tiie gasolines can be selectively hydro- 
genated to remove gum-forming compounds 
without appreciable hydrogenation of the 
high octane number mono-olefins and/or 

40 aromatics with a metallic nickel catalyst, 
which has been normally regarded as sulphur- 
sensitive. The process operates at tempera- 
tures below 200° C. and long on stream 
times of six months or more are possiHe 

45 during which the catalyst remains pre- 

[Price4s.6d.] 



without a previous catalyst oxiaation sicp. 

The gasolines may boil withiii the range 
0 — ^200° C, and preferably within the range 
35—200° C. 

The nickel catalyst is carried on ai suitable 70 
inert support for example, activated alumina, 
a Group II metal carbonate such as calcitun 
carbonate, sepioHte (as claimed in U.K» 
Patent Application No. 24027/58 (Serial No. 
899,652)) or any other base which has a low 75 
activity for cracking reactions and a low 
activity for polymerisation reacticms. Other 
examples of sxuii low-activity bases are cal- 
cium, bariiun, strontium, or magnesium 
oxides, diatomaceous earths, fire brick derived 80 
from diatomaceous earth, silicon carbide, 
quart2, carbon (for example charcoal and 
graphite), pumice and deactivated alumina. 
The supported catalyst may contain from 1.0 
to 50% of nickel, expressed as elomencal 85 
nickel by weight of total catalyst, preferably 
5 to 15% wt. 

The upper limit of temperature should 
obviously be below that at which damage to 
the catalyst or support may occur and may 90 
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We, The British Petroleum Company 
Limited, of Britaimic House, Finsbiiry Circus, 
London, E.C,2, a British joint-stock Corpora- 
tion, and Peter Thomas White and Martin 
Frederick Olive, botb of the Company'^ 
Research Centre, Ghertsey Road, Sunbury- 
on ThameSj Middlesex, and both of British 
nationality, do hereby declare the invention 
for which we pray that a patent may be 
granted to us, and the method, by which it is 
to be performed, to ibe particularly described 
in and by the following statement: — 

This invention relates to the reactivation 
of meta31ic nickd catalysts used for the selec- 
tive hydrogenation of gasolines obtained from 
thermal cracking processes operated at tem- 
peratures above 593° C. 

Processes for the thermal cracking of 
petroleum hydrocarbons, for example straight 
run naphthas, at temperatures above 593° C. 
are known. The upper limit of temperature is 
usually 760° C. They are frequently opera-ted 
in the presence of steam dn which case they 
are conventionally referred to as steam crack- 
ing. The principal products are mormally- 
gaseous unsaturated hydrocarbons, but some 
gasoline is also produced, which is highdy un- 
saturated and tends to form gum, possibly 
due to the presence of styrene, cyclopenta- 
diene and other conjugated dienes. The gaso- 
line also contains from 0.005 to 0.04i% wt, 
of sulphur, but, because of the high temperav- 
ture of the cracking this sulphur is thiophene 
sulphur rather than mercaptan sulphur. Be- 
cause of this fact it has been recently found 
that the gasolines can be selectively hydro^ 
genated to remove gum-forming compounds 
without appreciable hydrogenation of the 
high octane number mono^olefins and/or 
aromatics with a metallic nickel catalyst, 
which has been normally regarded as sulphur- 
sensitive. The process operates at tempera- 
tures below 2(K)° C. and long on stream 
times of six months or more are possible 
during which the catalyst remains pre- 
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domiiiandy but not completely metallic nicked. 
However tihe catalyst activity sgraduailly de- 
clines and is compensated for by altering 
one or more of the process conditions, usu- 
ally by raising the tempeirature. The precase 
cause of the deactivation is not known, but a 
simple method of at least partially restoring 
the activity would further increase the value 
of the process. 

According to the present dnv^tioa a 
method of reactivating a supported nickel 
catalyst dn which the nickel is predominantly 
metallic aiickel, which 'has been used in a 
process for the selective hydrogenaition of 
gasolines obtained from thermal cracking 
processes operated at temperatures above 
593*^ C, and which has become at least par- 
tiallly deactivated for that use, comprises pass- 
ing a stream of hydrogen containing gas over 
the catalyst at a temperature above 150° 
without a previous catalyst oxidation step. 

The gasolines may bcril within die range 
0 — ^200° C, and preferably within the range 
35—200° C. 

The nickel catalyst is carried on ai suitable 
inert support for example, activated alimiina, 
a Group II metail carbonate such as calcium 
carbonate, sepiolite (as claimed in U.K. 
Patent Application No. 24027/58 (Serial No. 
899,652)) or any other base which has a low 
activity for cracking reactions and a low 
activity for polymerisation reactions. Other 
examples of such low-activity bases are cal- 
cium, barium, strontium, or magnesium 
oxides, diatomaceous earths, fire brick derived 
from diatomaceous earth, silicon carbide, 
quartz, carbon (for example charcoal and 
graphite), pumice and deactivated alumina. 
The supported catalyst may contain from 1.0 
to 5Q% of nickel, expre^d as eaemental 
nickel by weight of totail catalyst, p-efcrably 
5 to 15 % vn. 

The upper limit of temperature should 
obviously be below that at which damage to 
the catalyst or support may occur and may 
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conveniently be 600^ C. Temperatures at the 
lower end of the range are preferred^ a par- 
ticularly convenient temperature range being 
200— 300° C. The time of the reactivation 
5 may be from 1 to 24 hours, shorter times 
being suitable at the higher temperatures. If 
reactivation is carried on for any length of 
time^ above that strictily necessary for reac- 
tivation, there will, however, be no deleterious 

10 effect on the catalyst. The hydrogen- contain- 
ing gas may be pure hydrogen or hydrogen 
admixed with other gases which are inert to 
hydrogen and the catalyst and support, for 
example, nitrogen or lower-boiling normally- 

15 gaseous hydrocarbons such as are found in 
the exit gas from a catalytic reformer. The 
rate of flow of the hydrogen may be from 20 
to 2,000 v/v/hr. (preferably 100—500 v/v/ 
hr.). The pressure may range from- 0 — 1,000 

20 p.si.g., preferably 0—350 p.sJ.g. 

The metallic nickel catailyst may be pre- 
pared initially in any convenient manner, for 
example by impregnating a suitable support 
with a solution of a nickel compound, usually 

25 a salt, or by intimately mixing a nickel com- 
pound with a support. The catalyst is then 
shaped if necessary into particles of a suitable 
size and form and the nickel compound is 
reduced to metallic nickefl either directly or 

30 through an intermediate stage in which the 
nickel compound is first converted to nickel 
oxide. 



In the selective hydrogenation process, the 
gasoline is passed together with a hydrogen- 
containing gas over a catalyst of metallic 35 
nickel, preferably on a support, under con- 
ditions such that the gum-forming tendency 
of the gasoline is reduced. The conditions are 
also prefe/ably controlled so that hydrogena- 
tion of mono-olefins and aromatics does not 40 
exceed the minimum necessary to ensure the 
required improvement in gum forming tend- 
ency. Depending on the gasoline being 
treated the hydrogen consumption may be at 
least 60 SCF/B more particularly at least 45 
120 SCF/B and it may be more than 150 
SCF/B. The upper limit of hydrogen can- 
sumption will be determined by the undesia> 
abihty of substantially reducing the octane 
number of the gasoline by imnecessary hydro- 50 
genation of mono-oldins and/or aromatics. In 
practice a hydrogen consumption of less than 
250 SCF/B should be suitable. Preferably the 
research octane number (with 1.5 ml TEL/ 
IG) of the gasoline product is not more than 55 
one octane number below the research octane 
number of the similarly leaded feedstock. 
Leaded research octane numbers are preferred 
as a basis for comparison since while there 
may be some slight drop in. research oaane 60 
numbers (clear) as between feed and product, 
this is offset by an increased lead response in 
the product. Suitable hydrogenation condi- 
tions may be: — 



Temperature 


0 to 200^ C. (preferably 80 to 180° C.) 


Pressure 


0 to 1000 p.s.i.g. (preferably 




200—500 p.s.i.g.) 


Gas rate (recycle or 


300 to 2000 SCF of hydrogen/B 


once through) 


Space velocity 


0.5 to 10 v/v/hr. (preferably 




about 2 v/v/hr.) 



The treated gasoline may be stabilised to 
give a product of low C^ content and m:ay 
also be re-run to remove a smaill proportion, 
for exaraple, 6% wt. or less, of heavy ends. 

70 Re-running at a maximum temperature of not 
more than 250° C, and preferably not more 
than 205° C. may be advisable, since high 
re-running temperatures can advercely effect 
gum stability. 

75 The reactivation treatment may be con- 
veniently carried out in situ in the reactor 
without the necessity of removing the catalyst 
from the reactor. If, however, the catalyst has 
to be removed, for example to clear a block- 

80 age, it has been found that the catalyst can 
be replaced and reactivated according to the 
invention. The present invention therefore 
includes a selective hydrogenation process 



which includes the steps of passing a gasoline 
obtained from a themial cracking process 85 
operated at a temperature above 593® C. 
together with a hydrogen-containing gas over 
a supported metallic nickel catalyst, under 
conditions to reduce the gum-forming tend- 
ency of the gasoline, discontinuing the process 90 
when evidence of catalyst deactivation is 
apparent, reactivating the catalyst according 
to the present invention and recommencing 
the hydrogenation process. Since the hydro- 
genation process takes place in the presence 95 
of hydrogen it may, when removal of catalyst 
from the reactor is not necessary, merely be 
necessary to discontinue passage of the feed- 
stock and to continue to pass hydrogen with 
any alteration of process conditions considered 100 
necessary. Evidence of catalyst deactivation is 
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supplied by a drop in hydrogen consumption 
under the process conditions used amdj as 
stated earlier, is norma31y compensated for by 
altering one or more process variables to 
maintain the hydrogen consumpticm. Suitable 
alteraticMis of the process variables include 
raising the hydrogen partial pressure, increas- 
ing the hydrogen/feedstock ratio, decreasing 
the feedstock flow rate or raising the tem- 
perature, the latter being preferred. The 
present reactivation treatment may be used 
in combination: wiiii such a prcce^ where 
catalyst deactivation is compensated for by 



alteration of process variables, since the re- 
activation treatment a;llows the process to be 
restarted under ileBS severe conditions, even if 
the activity is not restored to that of a fresh 
catalyst. 

The invention is illustrated by the follow- 
ing examples: — 

Example 1 
A steam cracker gasoline having a boiling 
range of 45 to 200° C. was jhydrogenated 
using a catalyst of 9.1 percent weight nickel 
on alumina mder the following process con- 
ditions: — 



15 



20 



25 



Pressure 
Space Velocity 
Gas Recycle Rate 
Make up Gas 



350 p.s.i.g. 
2.0 v/v/hr. 
500 SCF/B 

Platinum Reformer Exit Gas containing 
70 — SO per cent mol hydrogen 



The initial temperature with fresh catalyst having die following inspection data corn- 
was 111° C. which gave a hydrogen con- pared with the feedstock. 
30 sumption of 150 SCF/B and a re-run product 



Feedstock 



Re-run Product 



Gum Existent mg/100 ml 


1 


1 


Gum Accelerated (120 min) mg/100 ml. 


10 


3 


Induction Period (ASTM) min 


435 


560 


Total sulphur % wt. 


0.009 


0.009 


Octane number. Research, clear 


92.3 


90.8 


Octane number. Research, -i- 1.5 ml 
TEL/IG 


95.9 


95.8 



To maintain the hydrogen consumption and hence the quality of die product, the 
temperature was radsed stepwise as follows: 

Hours on Stream 70 190 670 2220 2550 

Temperature X. 127 143 152 166 204 



After 2595 hours on stream, equivalent to 
13.8 bbl of feedstock proccssed/lb of catalyst, 
the run was discontinued due to reactivation 



of the catalyst. The catalyst was reactivated 40 
by passing a stream of hydrogen through the 
reactor under the following conditions: 
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Temperature 

Pressure 

Hydrogen flow rate 
Time 



250° C. (482.*^ F.) 
Atmospheric 
100 v/v/hr. 
4 Hours 



The process was then restarted under the 
conditions stated above, when it was found 
that the same hydrogen consumption and pro- 
5 duct quality could be achieved at a tempera- 



ture of 143° C As the process continued the 
temperature was again raised stepwise as 
foHows : 



Hours on stream 
Temperature 



307 
160 



477 
166 



690 
204 



10 The step of catalyst reactivation tlius had 
the effect of increasing the hours on stream 
by 696, eqm'valent to an additional 3.6 
barrels of feedstock processed per lb of 
catalyst. 



Example 2 15 
A steam cracker gasoline having a boiling 
range of 45 to 200° C. was hydrogenated 
using a catalyst of 9.45% wt. nickel on sepi- 
olite under the following process conditions : 



Pressure 350 p,s.i.g. 

Space Velocity 2 v/v/hr. 

Gas Recycle Rate 500 SCF/B 

Make up Gas Platinum reformer 

Exit Gas containing 
70—80% mol of Ho 



The initial temperature with fresh catalyst having the following inspection data corn- 
was 118° C. which gave a hydrogen con- pared with the feedstock. 25 
sumption of 150 SCF/B and a rerun product 





Feedstock 


Re-run Product 


Gum Existent mg/100 ml 


1 


1 


Gum accelerated (120 min) 
mg/100 ml 


10 


5 


Induction Period (ASTM) min 


435 


720 


Total sulphur % wt. 


0.009 


0.008 


Octane number. Research, clear 


92.3 


91.0 


Octane number. Research, -f 
1.5 ml TEL/IG 


95.9 


95.9 
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To iraaintain the hydrogen consumption and hence the quality of the product^ the 
temperature was raised stepwise as follows: 

Hours on stream 335 703 924 3250 

Temperature X. 127 135 152 154 



After 4934 hours on stream (equivalent to 
5 at least 43 bHl of feedstock processed/lb of 
catalyst), the process was discontinued and 
after purging of residuail feedstock and hydro- 
gen from the reactor, the catalyst was removed 



to clear a blockage and replaced. The catalyst 
was then reactivated by passing a stream of 10 
hydrogen through the reactor under the fol- 
lowing conditions: 



Temperature 
Pressure 

Hydrogen flow rate 
Time 



250° C. (482** F.) 
Atmospheric 
100 v/v/hr. 
4 hours 



The process was then restarted under die 
15 conditions set out above when it was found 
that the same hydrogen consumption and 
product quality could be achdeved at a tem- 



perature of 127° C. As the process continued 
-die temperature was again raised stepwise as 
follows : 



20 



Hours on stream 
Temperature °C. 



127 
138 



661 
143 



700 
149 



The step of catalyst reactivation had the 
effect of increasing the hours on stream by at 
Jeast 1300 hours equivalent to an additional 
25 8.0 barrels of feedstock processed/lb of 
catalyst. In addition the example shows that 
the reactivation treatment eflFectively counter- 
acts any alteration in the catalyst which may 
take place when it is exposed to atmosphere 



during removal and replacement. 30 

Example 3 
A steam cracker gasoline having a boiling 
range of 48 to 200° C. was hydrogenated 
using a catalyst of 10 per cent wt. nickel on 
sepiolite under the following process con- 35 
ditions : 



Pressure 


350 p.s.i.g. 


Space Velocitj^ 


2 v/v/hr. 


Gas Recycle Rate 


500 SCF/B 


Make up Gas 


Platinum reformer 


gas containing ca 




70% mol hydrogen 



The initial temperature was 114° C. which and a re-run product having the following 40 
gave a hydrogen consumption of 140 SCF/B inspection data compared with the feedstock: 
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Feedstock Product 

Gum existent mg/100 ml 8 2 

Gum accelerated (120 min) 41 14 
mg/100 ml 

Induction Period (ASTM) min. 310 705 

Total sulphur % wt. 0.039 0.023 

Octane number. Research, clear 97.4 97.6 

Octane number, Researdi, + 99.2 99.2 
1.5 ml TEL/IG 



To maintain the hydrogen consumption and hence the product quality, the catalyst 
temperature was raised as follows: 



Hours on stream 
Temperature °C. 



130 
121 



210 
132 



327 
160 



After 397 hours on stream the run was by passing a stream of platinum reformer gas 
stopped and after purging the catalyst of resi- containing ca 70% hydrogen through the 
dual feedstock, reactivation was carried out reactor under the following conditions: 10 



Catalyst Temperature 

Pressure 

Activating gas Howrate 
Time 



204*^ C. (400^ F.) 
350 p.s.i.g. 

175 vol (gas at STP)/vol 
catalyst hr. 

4 hours 



The process was then restarted when it 
was found that the same hydrogen consump- 
tion and product quality could be achieved 
15 at a temperature 138° C. compared with 



160° C. immediately before the reactivation. 
As the run continued the temperature was 
again raised stepwise as follows: 



Hours on stream 
Temperature °C. 



1410 
142 



1500 
149 



Thus the catalyst temperature 1100 hours 
after reactivation was stDl lower than the 
catalyst temperature before reactivation. 

WHAT WE CLAIM IS: — 

1. A method of reactivating a supported 
nickel catalyst in which the nickel is pre- 



dominantly metallic nickel, which has been 
used in a process for the selective hydro- 
genation of gasolines obtained from thermad 
cracking processes operated at tempe<natures 
above 593° C, and which has become at least 30 
partially deactivated for that use, comprising 
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passing a stream of hydrogen containing gas 
over the catalyst at a temperature above 150° 
C.5 without a previous catalyst oxidation step. 

2. A method as claomed in claim 1 wherein 
5 the reactivation tempei^ture is from 150 to 

600° C. 

3. A method as claimed in claim 2 wherein 
the reactivation temperature is from 200 to 
300° C. 

10 4. A method as claimed in claims 1, 2 
or 3 wherein the time of the reactivation ds 
from 1 to 24 hours. 

5. A method as claimed in any of claims 
1 to 4 wherein the rate of flow of hydrogen 

15 during reactivation is from. 20 to 2000 
v/v/hr. 

6. A method as claimed in any of claims 
1 to 5 wherein the pressure during reactiva- 
tion is from 0 to 1000 p.s.i.g. 

20 7. A method as claimed in. any of claims 
1 to 6 wherein the catalyst has from 1.0 to 
50% wt. of nickel, expressed as elemental 
nickel. 

8. A selective hydrogenation process which 
25 includes the steps of passing a gasoline ob- 
tained from a thermal cracking process 
operated at a temperature above 593° C. 
together with a hydrogen-containing gas over 
a supported metallic nickel catalyst under 

30 conditions to reduce the gum-forming tend- 
ency of the gasolinCj discontinuing the process 
when evidence of catalyst deactivation! is 
apparent, reactivatiing the catalyst by a 
method as cilaimed in any of claims 1 to 7, 

35 and recommencing the hydrogenation process- 

9. A selective hydrogenation process as 
claimed in claim 8 wherein the temperature 



of the selective hydrogenation is from 0 to 
200° C. 

10. A selective hydrogenation process as 40 
clajimed in claim 9 wherein the temperature 

is from 80 to 180° C. 

11. A selective hydrogenation process as 
claimed in claim 8, 9 or 10 wherein the selec- 
tive hydrogenation is carried out at a pressure 45 
of from 0 to 1000 p.s.i.g., a space velocity of 
from 0.5 to 10 v/v/hr and a gas rate of 
from 300 to 2000 SCF of hydrogen/B. 

12. A selective hydrogenation prccesis as 
claimed in any of claims 8 to 11 wherein the 50 
hydrogen consumption during the selective 
hydrogenation is from 60 to 250 SCF/B. 

13. A selective hydrogenation process as 
claimed in any of claims 8 to 12 wher ein th e 
Research octane number (with 1.5 ml. TEL/ 55 
IG) is not more than one octane number 
below the Research octane number of the 
similarly leaded feedstock. 

14. A selective hydrogenation process as 
claimed in any of daims 8 to 13 wherein the 60 
temperature is raised during the hyd<Fogena~ 
tion to maintain the ihydrogen consumption. 

15. A selective hydrogenation process as 
claimed in daim 14 wherein the hydrogena- 
tion is recommenced at a lower temperature 65 
than that at which it was discontinued. 

16. A method as claimed in claim 1 sub- 
stantially as described in the Examples. 

17. A selective jhydrogenation process as 
claimed in claim 8 substantially as described 70 
m the Examples. 

J. WOOLARD, 
Agent for the Applicants, 
Chartered Patrait Agent. 



PROVISIONAL SPECIFICATION 

Improvements relating to the Reactivation of Nickel Catalysts 
and use thereof in a Selective Hydrogenation process 



We, The British Petroleum Company 
Limited, of Britannic House, Finsbury Circus, 
London, E.C.2, a British joint-stock Corpora- 

75 tion, and Peter Thomas White and Martin 
Frederick Olive, 'both of the Company's 
Research Centre, Chertsey Road, Sunbury- 
on Thames, Middlesex, and both of Bnitish 
nationality, do hereby declare this invention 

80 to be described in the following statement: — 
This invention relates to the reactivation 
of nickel catalysts used in hydrogenation 
processes. 

Catalysts of reduced nickel are known to 
85 have hydrogenamng properties and have been 
used or proposed for various hydrogenation 
processes. The nickel may be carried on a 
support. During the hydrogenation process 
the catalyst may lose activity, and it is desir- 
90 able, in order to give the maximnm catalyst 
Jife, to be able to restore at least a portion 
of the lost activity. 

According to the present invention, a 
catalyst of reduced nickel, preferably on a 



support, which has lost activity in a hydro- 95 
genation process, is reactivated by treatment 
with a stream of hydrogen-containing gas at 
a temperature above 150° C. 

The upper Qiimit of temperature should 
obviously be below that at which damage to 100 
the catalyst or support may occur and may 
conveniently be of the order of 600° C. Tem- 
peratures at the lower end of the range are 
preferred, a particularly convenient tempera- 
ture range being 200— 300° C. The time of 105 
the reactivation may be from 1 to 24 hours, 
shorter times being suitable at the higher 
temperatures. If reactivation is carried on for 
any (length of tome above that strictly neces- 
sary for reactivation, there will, however, be 110 
no deleterious effect on the catalyst. The 
hydrogen-containing gas may be pure hydro- 
gen or hydrogen admixed with other gases 
which are inert to hydrogen land the ca^yst 
and support, for example nitrogen or lower- 115 
boiling hydrocarbons such as are found in the 
exit gas from a catalytic reformer. The rate 
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of flow of the gas may be from 20 to 2^000 
v/v/hr. (preferably 100 v/v/hr.). The pres- 
sure may range from 0— -200 psigj atmo- 
spheric pressure being preferred. The re~ 

5 activation treatment may be applied to a 
catalyst used in any hydrogenation process, 
but it is particularly smtable for the reactiva- 
tion of catalysts used for the controlled hydro* 
geaiation of steam cracker gasoline, which is 

10 herein defined as a gasoline produced by 
cracking a petroleum disti'Hate in the pres- 
ence of steam. Such cracked gasoline is highly 
unsaturated and tends to form gum possibly 
due to the presence of styrene, cyclopenta- 

15 diene and other conjugated dienes. In this 
process, the steam cracker gasolhie is passed 
together with a hydrogen-containing gas over 
a catalyst of nickel deposited on a support 
under conditions such that the gum-forming 

20 tendency of the gasoline is reduced. The con- 
ditions are also preferably ccntroJled so that 
hydrogenation of mono-olefins and aromatics 
does not exceed the minimimi necessary to 



ensure the required improvement in gimi- 
forming tendency. Depending on the gasoline 25 
being treated the hydrogen consumption may 
be at 'least 60 SCF/B more particularly at 
least 120 SCF/B and it may be more than 
150 SCF/B. The upper limit of hydrogen 
consumption will be determined by the un- 30 
desirability of substantially reducing the 
octane number of the gasoline by imneces- 
sary hydrogenation of mono-olefins and/or 
aromatics. In practice a hydrogen consump- 
tion of a^s than 250 SCF/B should be suit- 35 
able. Preferably the research octane number 
(with 1.5 mi. TEL/IG) of die gasoline pro- 
duct ds not more than one oaane number 
below the research octane number of the 
similarly leaded feedstock. Leaded research 40 
octane numbers are preferred as a basis for 
comparison since while there may be some 
slight drop in research octane numbers (clear) 
as between feed and product, this is offset by 
an increased lead response m the product. 45 
Suitable hydrograaticm conditions may be: — 



Temperature 


0 to 200^ C. (preferably 80 to 180^ C.) 


Pressure 


0 to 1000 psig (preferably 




200—500 psig) 


Gas recycle rate 


300 to 1000 SCF of hydrogen/B 


(recycle or once through) 


Space velocity 


0.5 to 10 v/v/hr. (preferably 




about 2 v/v/hr.) 



The treated gasoline may be stabilised to 
give a product of low C^ content and may 

50 Sso be re-run to remove a small proportion, 
for example, 6i% wt or less, of heavy ends: 
Re-running at ai maximum temperature of 
not more than 250° C, and preferably not 
more than 205® C. may be advisable, since 

55 high re-running temperamres can adversely 
effect gum stability. 

Other examples of hydrogenation proc^ses 
using nickel catalysts, for which the present 
reactivation treatment may be suitablCj are 

60 the conversion of mono-olefinic compounds to 
saturated compounds, the conversion of aro- 
matic compounds to naphthenic compounds, 
the conversion of acetylenic compoimds to 
olefinic or saturated compounds, particularly 

65 the selective conversion of acetylenic com- 
pmunds to olefinic compoimds in the presence 
of olefinic compounds without substantial 
saturation of the latter and the convension 
of di'-olefinic compounds to mono-olefinic or 

70 saturated compounds, particularly the selec- 
tive conversion of di-dlefinic compounds to 
mono-olefinic compounds in the presence of 
mono-olefinic compounds without substantial 
saturation of the latter. 



The reactivation treatment may be con- 75 
veniently carried out in situ in the reactor 
without the necessity of removing die catalyst 
from the reactor. If, however^ the catalyst 
has to be removed^ for example to dear a> 
blockage^ it has been found that the catalyst 80 
can be r^laced and reactivated according to 
the invention. The present invention diere- 
fore includes a hydrogenation process which 
includes the steps of passing a feedstock 
together with a hydrogen-containing gas over 85 
a nickel catalyst, preferably on a support, 
under conditions at least partially to hydro- 
genate the feedstock, discontinuing the pro- 
cess when evidence of catalyst deactivation is 
apparent, reactivating the catalyst according 90 
to the present invention and recommencing 
the hydrogenation process. Since the hydro- 
genation process takes place in the presence 
of hydrogen it may, when removal of catalyst 
from the reactor is not necessary, merely be 95 
necessary to discontinue passage of the feed- 
stock and to continue to pass hydrogen with 
any alteration of process conditions considered 
necessary. Evidence of catalyst deactivation 
is supplied by a drop in hydrogen con sump- 100 
tion under the process conditions used and is 
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normally compensated for by alterimg one or 
more process variables to maintain the hydro- 
gen consumption. Suitable alterations of the 
process variables indude raising the fiiydro- 

5 gen partial pressure, increasing Che hydrogen/ 
feedstock ratio^ decreasing the feedstock flow 
rate or raising the temperature, the latter 
being preferred. The present reactivation 
treatment may be used in combination with 

10 such a process where catalyst deactivation is 
compensated for by alteration of process 
variables, since when the practicail limit of 
compensation by alteration of process to be 
restarted under less severe conditions, ev&i 

15 if the activity is not restored to that of a 
fresh catalyst. 

The nickel catalyst ma.y be deposited on 
any suitable support for example, actdivated 
alumina, a Group H metal carbonate such as 

20 calcium carbonate, sepiolite or any base which 



has a low activity for cracking reactions and 
a low activity for polymerisaticn reactions. 
Other examples of such low-activity bases are 
calcium, barium, strontium, or magnesium 
oxides, diatomaceous earths, fire brick derived 25 
from diatomaceous earth, silicon carbide, 
quartz, carbon (for example charcoal and 
graphite), pumice and deactivated alumina. 
The catalyst may contain from 1.0 to 50% 
of nickefl, expressed as elemental nickel by 30 
weight of total catalyst, preferably 5 to 
15% wt. 

The invention is illustrated by the follow- 
ing examples: — 

Example 1 35 
A steam cracker gasoline was hydrogenated 
using a catalyst of 9.1 per cent weight nickd 
on ^umina under the following process con- 
ditions: 



Pressure 


350 psig 


Space Velocity 


2.0 v/v/hr. 


Gas Recycle Rate 


500 SCF/B 


Make up Gas 


Platformer Exit Gas containing 
70 — 80 per cent mol hydrogen 



The initial temperature with fresh catalyst having the following inspection data compared 
was 111^ C. which gave a hydrogen con- with the feedstock. 45 
sumption of 150 SCF/B and a rerun product 



Feedstock 



Rerun Product 



Gum Existent mg/100 ml 


1 


1 


Gum Accelerated (120 min) mg/100 ml. 


10 


3 


Induction Period (ASTM) min 


435 


560 



To maintain the hydrogen consumption and hence the quality of the product, the 
temperature was raised stepwise as follows: 



Hours on Stream 70 190 670 2220 2550 

Temperature **C. 127 143 152 166 204 



50 After 2595 hours on stream, equivalent to 
13.8 bbl of feedstock processed/lb of catalyst, 
the run was discontinued due to deactivation 



of the catalyst. The catalyst was reactivated 
by passing a stream of hydrogen through the 
reactor under the following conditions: 



55 



10 
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Temperature 
Pressure 

Hydrogen flow rate 
Time 



250^ C. (482^ F.) 
Atmospheric 
100 v/v/hr. 
4 Hours 



The process was then restarted under the 
conditions stated above^ when it was found 
that the same hydrogen consumption and 
5 product quadity could be achieved at a tem- 



perature of 143° C. As the process continued 
the temperature was again raised stepwise as 
follows : 



Hours on stream 
Temperature °C. 



307 
160 



477 
166 



690 
204 



10 The step of catalyst reactivation thus had 
the effect of increasing the hours on stream 
by 696, equivalent to an additional 3.6 
barrels of feedstock processed per lb of 
catalyst. 



Example 2 
A steam cracker gasoline was hydrogenated 
using a catalyst of 9.45 % wt nickel on sepi- 
olite under the following process conditions : 



15 



Pressure 


350 psig 


Space velocity 


2 v/v/hr. 


Gas recycle rate 


500 SCF/B 


Make up Gas 


Platformer Exit Gas 




containing 70 — S0% 




mol of Ho 



20 The initial temperature with fresh catalyst ing the following inspection data compared 
was 118°C. which gave a hydrogen consump- with the feedstock, 
tion of 150 SCF/B and a rerun product hav- 



FeedstoGk 



Rerun Product 



Gum Existent mg/100 ml 


1 


1 


Gum accelerated (120 min) mg/100 ml 


10 


5 


Induction Period (ASTM) 


435 


>720 min 



To maintain the hydrogen consumption and hence the quality of the product, the 
temperature was raised stepwise as follows: 
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335 703 924 3250 
127 135 . 152 154 



Hours on stream 
Temperature ^^C. 



After 4934 hours on stream (equivalent to 
at least 43 bbl of feedstock processed/lb of 
catalyst), the process was discontinued and 
after purging of residual feedstock aaid hydro- 
gen from the reactor, the catalyst was re- 



Temperature 
Pressure 

Hydrogen flow rate 
Time 



moved to clear a blockage and replaced. The 
catailyst was then reactivated by -passing a 
stream of hydrogen through the reactor under 
the following conditions : 10 



250° C. (482' F.) 
Atmospheric 
100 v/v/hr. 
4 hrs. 



The process was then restarted under the 
conditions set out above when it was found 
that the same hydrogen consimiption and pro- 
15 duct quality could be achieved at a» tempera- 



ture of 127° C. As the process continued the 
temperature was again raised stepwise as 
f oBows : — 



Hours on stream 
Temperature °C. 



127 
138 



661 
143 



700 
149 



The step of catalyst reactivation had the 
efiFect of increasing the hours on stream by 
at least 1300 hours equivalent to an additional 
8.0 barrels of feedstock processed/lb of 
catalyst. In addition the example shows that 
the reactivation treatment effectively counter- 



acts any aUteration m the catalyst which may 
take place when it is exposed to atmosphere 
during removal and replacement. 

J, WOOLARX), 
Agent for the Applicants. 
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